The measurement of the absorption of soft x-rays, 8 to 12 A in wavelength, in biological structures makes it possible to determine the total mass (dry weight) per unit area of cytologically defined areas in a biological sample. Knowing the thickness of the sample or structure being analyzed the percentage of dry substance can be estimated. For theoretical and technical details see Engstrom' 1950. Dry substance is an accurate basis upon which to express the results obtained with other cytochemical techniques, e.g., the amount of specifically absorbing, ultra-violet or visible, substances.
The present investigation is an attempt to determine the-dry weight (mass) of the different bands in the giant chromosomes from the cells in the larval salivary glands of the fly Chironomus. The structures to be observed, however, are just on the border of the resolving power of the x-ray technique for the determination of mass. The results reported, therefore, must be interpreted with care. The specimen intended for x-ray investigation is mounted on a collodion film circa 0.5 micron thick. This film supports the object in the sample holder, a brass disk with a slit about 6 mm. long and 0.5 mm. wide. In the first experiments salivary glands from Chironomus were isolated on a microscope slide and the chromosomes transferred to the thin carrier membrane on the sample holder. When examining the x-ray picture of these chromosomes no details at all could be seen due to shrinkage effects when the chromosomes were dried.
For the x-ray determination of mass the specimens must be dried before they are introduced to the high vacuum of the x-ray tube. The water must also be taken away for another reason: The high absorption of soft VOL. 37, 1951 459 ZOOLOG F: ENGSTRRM A ND R UCH x-rays in the water would mask that of the organic structures. For the later experiments the chromosomes were pressed between two glass plates and thereby stretched and then transferred to the carrier membrane on the sample holder. The procedure was as follows. A microscope slide was coated with a thin collodion membrane. From salivary glands which had been prepared in 50% acetic acid the individual cells were transferred with thin needles to that collodion-coated slide and a drop of acetic acid added. By pressing the chromosomes between the slide and a cover glass the chromosomes were released from the cells and stretched. The coverslip was loosened from the slide in acetic acid and the slide with the chromosomes was dried. The chromosomes adhere to the collodion membrane and do not contract much during the drying procedure. sharp needle a scratch was made in the collodion membrane around a chromosome and the little piece of collodion with the chromosomes floated off on water and transferred to the carrier membrane of the sample holder.
In figure 1 are shown enlargements of microradiograms of chromosomes from the salivary glands in Chzironomus. The white areas are x-ray absorbing. It can be seen that there is a banded cross structure. The strong x-ray absorbing areas correspond to the bands while the black (non-absorbing) correspond to the interband spaces. Attempts to measure the mass of the different bands quantitatively gave highly varying results. In general the bands seemed to contain 2 to 10 times more substance than the interband spaces. staining procedures, phase contrast microscopy, etc. The interpretation of the x-ray pictures, however, is different from those obtained with other techniques, as the x-ray picture shows the distribution of mass (dry weight) per unit area. The high content of phosphorus in the chromosomes might be thought to introduce an error in the mass determination which is based on the absorption of carbon, oxygen and nitrogen. However, in the wave-length region used the mass absorption coefficient for phosphorus is lower than that of nitrogen. Thus the pictures show the real distribution of mass. Cf. Engstrom,' 1950.
The variation in density between the different bands can depend on several factors: (1) the bands do not have the same size and specific gravity in different parts of the chromosomes; (2) some bands shrink more than others during the drying procedure; (3) a number of small, thin, bands close together look like a broad band if they are not resolved; (4) different parts of the chromosomes may be differently stretched.
However, the fact that the mass is localized to the bands and that the interband spaces are almost empty is interesting from different points of view. Depending upon their high content of organic substance the bands are expected to absorb ultra-violet light to a high extent, both specifically and unspecifically. When stained for different purposes the high mass of the bands must have a strong affinity to dyes as regards both chemical and physical staining.
The determination of the mass of the different regions in chromosomes can be further developed to include chemical analysis of certain compounds which can be specifically removed either by extraction or by enzymes. In this case the mass is determined before and after the specific treatment and the difference can be expressed in per cent of the first determination, i.e., in per cent of dry weight.
Finally it should be noted that the analysis described in this communication is performed on chromosomes fixed in acetic acid. The action of the fixative on the chemical composition of the chromosomes has yet to be investigated.
Summary.-X-ray microradiographic studies of giant chromosomes from Chironomus show that the dry weight per volume unit is 2 to 10 times higher in the bands than in the interband spaces.
